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Introduction 


Termites are entirely terrestrial and are typically inhabitants of tropical, sub- 

tropical, semi-arid and, to some extent, warm temperate regions where they 

are often dominant members of the soil fauna. In considering their role in 

decomposition processes it is pertinent to remember that the vast majority 

of work on decomposition processes has been done in cool temperate regions 

and although a few species of termites occur in these regions they have little 

impact on decomposition. The accepted pathway of decomposition of plant 

debris in soils, which is based very largely on work in cool temperate regions 

(Burges 1967), can be summarized as follows: 

1 Development of phylloplane microflora 

2 Colonization by saprophytic micro-organisms 

3 Comminution and ingestion by invertebrates, resulting in incorporation 
of organic matter into the soil, a great increase in its surface area but 
little chemical change 

4 Microbial colonization and utilization of faeces and comminuted litter 
resulting in chemical degradation of tissues and production of complex 
phenolic polymers (humic acids) 

5 Formation of stable organo-mineral complexes (humus). 

This is, of course, a much oversimplified picture and the processes, particu- 

larly 2, 3 and 4 are concurrent rather than sequential. Nevertheless, several 

stages can be recognized in the decomposition of plant debris; the relative 

rates of these stages are biological phenomena and account for the amount, 

composition and distribution of organic matter (i.e. the humus form) in dif- 

ferent soils. Undoubtedly similar processes occur in tropical, subtropical 

and semi-arid soils but in this paper I hope to show that where termites 

are abundant their activities are sufficient to generate additional pathways 
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of decomposition quite dissimilar to the one summarized above. In order 
to appreciate this, some account must be taken of their feeding habits, diges- 
tive processes and social behaviour. 


Feeding habits 


The food of termites consists of plant material of all kinds (wood, grasses, 
herbs, roots), from living plants to decomposed plant remains mixed with 
mineral soil (i.e. soil organic matter). Their food and feeding habits have 
been recently reviewed (Wood, in preparation); here it is only necessary 
to indicate their feeding habits in relation to the stage of decomposition of 
the food. 


(1) LIVING PLANTS 


Relatively few species have living plants as their principal source of food. 
Certain species of Coptotermes habitually feed on living trees but most ter- 
mites that consume living woody tissues (including roots) also have dead 
wood as a principal source of food. In this category are included the ‘dry 
wood’ termites (Kalotermitidae) and many polyphagous species such as 
Mastotermes darwiniensis Froggatt in Australia and Psammotermes hybostoma 
Desneux and Macrotermes bellicosus (Smeathman) in Africa. Living grasses 
are consumed by several genera of grass-harvesting termites (Hodotermes, 
Microhodotermes and Trinervitermes in Africa, Syntermes in South America, 
Drepanotermes and Schedorhinotermes in Australia and Anacanthotermes in 
Asia) and by certain Macrotermitinae (fungus-growing termites). Generally, 
the dry parts of grasses are consumed in preference to fresh, green tissues 
and dead grasses and herbs are also consumed. 


(2) DEAD (STANDING) PLANTS 


Dead plant material is attacked before it has fallen to the ground by several 
species in addition to those (see above) feeding on living tissues. By ‘wasteful’ 
feeding some of these species (e.g. some of the grass-harvesters) actually 
produce plant litter which they often leave lying on the ground. Dead tissues 
of living plants (e.g. bark of trees) are an important source of food for many 
species (particularly Macrotermitinae such as Macrotermes and Odonto- 
termes) which construct runways and sheets of soil cemented with saliva over 
the trunks and branches of trees. 
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(3) DEAD (FALLEN) PLANTS 
¢ 

Fresh woody litter is consumed by a great variety of species and in some 
areas it is difficult to find woody litter that has not been attacked by termites. 
In Africa the principal consumers of woody litter are Macrotermitinae but 
in Australia, where this subfamily does not occur, this food niche is largely 
exploited by Nasutitermes, Coptotermes, Amitermes and Schedorhinotermes. 
Macrotermitinae are also, along with the grass-harvesting species (see (1) 
above), the principal consumers of grass litter in Africa; some, such as 
Macrotermes and Odontotermes also consume leaf litter. In Australia this 
niche is exploited by the grass-harvesters (see (1) above) and a great diversity 
of debris feeders, principally species of Amitermes. 


(4) DECOMPOSING LITTER 


Woody litter in various stages of decay is the principal source of food for 
many lower termites (particularly Hodotermitidae and Rhinotermitidae) 
and for higher termites (Termitidae) such as certain Termitinae and Nasuti- 
termitinae. In some cases there is a relationship between the stage or type 
of decay and feeding by specific termites but the relationship is complex 
as fungi may produce attractive substances, break down repellent sub- 
stances, produce repellent substances or aid in digestion (Sands 1969). 
Dung, which can be regarded as partially decomposed plant material, is con- 
sumed by certain termites, in particular by Macrotermitinae (Macrotermes 
and Odontotermes) in Africa and Asia and by a wide variety of Amitermes 
species in Australia (Ferrar & Watson 1970). 


(5) SOIL 


Soil-feeding has been adopted as a specialized habit by many species of 
higher termites (except Macrotermitinae). The majority consume topsoil 
rich in organic matter and there appears to be a clear demarcation between 
soil-feeders and those feedi i i tation which is associ- 
ated with morphological specialization ot tne mandibles (Deligne 1966; 
Sands 1965a). All the Apicotermitinae are soil-feeders as are many Ter- 
mitinae and Nasutitermitinae. 
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Specialization of feeding habits appears to be rare but does occur. Examples 
are Hospitalitermes of Indo-Malaya which feeds on lichens (Kalshoven 1958), 
Anoplotermes pacificus Fr. Muller of South America which feeds on root 
apices of certain forest trees (Kaiser 1953) and Amitermes hastatus (Haviland) 
which feeds preferentially on partially decomposed stems of Restionaceae 
(Skaife 1955). 

Of particular importance in termite colonies are the practices of copro- 
phagy, oophagy, necrophagy, cannibalism and trophallaxis (stomodeal and 
proctodeal feeding). These practices result in the recycling and efficient util- 
ization of organic matter and nutrients within the colony and thus determine 
the pathways and rates of return to the ecosystem. 

It isimmediately apparent that termites have the potential for consuming 
plant material before it has been attacked by saprophytic micro-organisms 
(categories (1), (2) and (3) above). In contrast, the vast majority of the in- 
vertebrate decomposers only consume plant tissues which have undergone 
some degree of microbial decay. 


Feeding groups in natural populations 


It is obvious that not only do many termites havea wide range of food sources 
but that they can play a role in decomposition processes from the initial 
stages of the degradation of living tissues to the final end product, soil organic 
matter. This is illustrated in Table 6.1, which shows the abundance and 
feeding habits of termites in an area of tropical savanna woodland in Nigeria 
(Wood et al. in press). Over half of the population is made up of several 
species of Macrotermitinae which consume standing dead trees and fresh 
litter to the extent that it is difficult to find woody litter which has not been 
attacked by one of these species. Other species of wood-, grass- and fresh 
litter-feeders make up most of the remainder of the population. This may 
account for the virtual lack of litter in the ‘decomposing’ category (4) above. 
The only species which exploit decomposing wood are Amitermes evuncifer 
and Coptotermes, neither of which are very abundant. There are only two 
relatively abundant soil-feeding species. 

The relative importance of the different feeding groups varies with the 
habitat. There are no population data to compare with those in Table 6.1, 
but an indication of likely differences is given by data in Table 6.2 which 
illustrate the number of species of the major feeding groups occurring in 
different regions of West Africa from the semi-arid Sahel savanna to lowland 
Tropical Rain Forest. Although the intensity of collecting and the area 


Table 6.1 Population density and feeding habits of termites in an undisturbed area of Southern Guinea Savanna Woodland near Mokwa., Nigeria (data 


from Wood, Johnson & Ohiagu, in press) ay 
Living Plant Tissues Dead (standing) Plants Fresh Litter Soil 
Numbers Roots Grass 
Species per m? Wood Grass etc. Bark Wood Grass Roots Wood Herbs Topsoil Subsoil 
WOOD-FEEDERS 
Coptotermes — ++ mE BS Re $ 
Amitermes evuncifer Silvestri 37 ++ 4 ++ Fi 
Microcerotermes Spp. 1,084 + 4 Ac ++ ER 
Fulleritermes — + Sets p 4 
WOOD AND LITTER FEEDERS 
Macrotermes bellicosus (Smeathman) + + ++ +4 + + oe as 
M. subhyalinus (Rambur) 19* 7 ae ae ak tet at oe 
Odontotermes smeathmani (Fuller) ++ 
O. pauperans (Silvestri) 232 iA 
Ancistrotermes 857 + + ++ mg- desks aft 
Microtermes spp. 820 4 ++ ++ <p) 
GRASS AND LITTER FEEDERS 
Trinervitermes geminatus (Wasmann) + 4+ at 
T. trinervius (Rambur) + ++ + 
T. togoensis (Sjostedt) 148* 4 4- ++ 
T. occidentalis (Sjostedt) 4- td 
T. oeconomus (Tragardh) E 
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Table 6.1.—continued 


Living Plant Tissues Dead (standing) Plants Fresh Litter Soil 
Numbers Roots Grass 
Species per m? Wood Grass etc. Bark Wood Grass Roots Wood Herbs Topsoil Subsoil 
SOIL FEEDERS 
Cubitermes 201* ++ 
Basidentitermes r ++ 
Pericapritermes r 4+ 
Promirotermes r ++ 
Noditermes r ++ 
Adaiphrotermes 70 4 
Astalrotermes r $ it 
Anenteotermes r ++ 


-+-+-Primary source of food 
Secondary source of food 


* Data from soil cores; these species are mound—inhabiting and total populations exceed these figures. Provisional estimates are 680/m? for Trinervitermes 


r =rare species 
—=no population data 


(C. E. Ohiagu, personal communication) and 180/m? for Macrotermes bellicosus (N. M. Collins, personal communication). 
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Table 6.2. Feeding habits of termites in different ecosystems in West Africa ; ae 


aa cee EEEEEE 


Total Living Wood Grass and 

Number of and Fresh Herbaceous Decomposing 
Locality Latitude Species Woody Litter Litter Wood Soil 
Sahel savanna, Senegal! 16°5°N 19 11 8 o 3 
Northern Guinea savanna, Nigeria? : uN 19 9 TI I 5 
Southern Guinea savanna, Nigeria* 9°N 23 10 10 2 8 
‘Derived’ savanna, Ivory Coast* 6°N 36 18 II 3 13 
Rain forest, Cameroun’ 4°5°N 43 8 2 8 31 


U Nm- 


vi 


. Lepage (1973). Total area: too ha. 

. Sands (1965b). Area I. Total area: 4 ha. 

. Wood, Johnson and Ohiagu (in press). Including primary and secondary savanna woodland. Total area: 7 ha. 

. Josens (1972). Including sparsely wooded and densely wooded savanna woodland. Total area: 2700 ha., but not including other vegetation types within 


this area. 


. N.M. Collins (personal communication). Total area: 1+5 ha. 
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searched was not constant in the five localities there is an obvious north 
to south increase in the number of species feeding on soil and decomposing 
wood, and few species feeding on grass and herbaceous litter in the rain 
forest. Obviously the impact of termites on decomposition processes will 
be very different in these contrasting areas with their major influence being 
during the initial stages of decomposition in the savanna and in the later 
stages of decomposition in the rain forest. 


Rates of consumption 


Laboratory measurements of food consumption have been carried out 
largely on wood-feeding lower termites (i.e. families other than Termitidae) 
and the figures range from approximately to-go mg g termites! day~! (dry 
weight of food/fresh weight of termites) and vary according to the species 
of wood and species of termite (see review by Wood, in preparation). There 
are few figures for Termitidae but two independent estimates for Nasut:- 
termes exitiosus gave values of 10-6 and 12:2 mg g termites~' day~'. All these 
figures were obtained using nonbreeding colonies and would probably be 
exceeded by breeding colonies where workers collect food for themselves 
and also for the dependent castes. The only figure for grass-feeders is 
49mg gtermites~' day—' for Hodotermes mossambicus (Hagen) (Nel, et al. 
1970). 

Field estimates of consumption by populations of known size are virtu- 
ally nonexistent. Ohiagu and Wood (in press) showed that in the latter half 
of the dry season daily rates of grass-harvesting by a population of Trinervi- 
termes geminatus at a density of z0om~? (1-5gm~*) varied from 7-3 to 
55:3 mgg termites~' day~! although much of this grass is stored and con- 
sumed during periods when there is no foraging. Lepage (1973) estimated 
that a population of Macrotermes subhyalinus of 25-30m~* (0'5 g m~?) con- 
sumed 7-2 g m~? year~! of litter, a rate of 3 mg g termites~' day~'. Wood (in 
prep.) suggested a rate of 6omgg~' day! for Macrotermitinae based on 
field measurements by Lepage (1974) and Collins & Wood (unpublished 
data). These figures, which were based on measurements of removal of 
naturally available food in the field, contrast with the extremely high rates 
of consumption obtained by extrapolation from ‘baiting’ techniques (see dis- 
cussion in Wood, in preparation) which measure the consumption of 
weighed amounts of food placed in the field without alternative food sources. 
Josens (1972) estimated that subterranean Macrotermitinae at a population 
density of 500m-? (o-6m~?) consumed 130gm~*year~', a rate of 
594mg gtermites~! day-'. Similar high rates of removal (540-1, 508gm-* 
year-') by Pseudacanthotermes militaris (Hagen) (population density not 
known) were obtained by Williams (1973). It is likely that results obtained 
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4 
by these baiting methods overestimate consumption rates by not allowing 
for a functional response to the provision of food and for seasonal variation 
in rates of foraging. Satchell (1967) noted similar discrepancies among esti- 
mates of food consumption by lumbricid earthworms. 

The above figures refer to species feeding on living and fresh dead 
tissues. There is no information on consumption by species feeding on 
decomposing tissues. Indirect estimates of consumption by soil-feeders 
(Cubitermes) have been made on the basis of metabolic rate and assumed 
values of assimilation efficiency and amounted to approximately 2,760 mg g 
termite~! day~! (Hébrant 1970). Annual consumption of soil was calculated 
at 11,300gm~ by a population of 1:15 gm~?. 


Digestion of food 


Digestion determines the extent to which food is chemically altered during 
its passage through the alimentary canal. Noirot & Noirot-Timothée (1969) 
noted that various workers had recorded the presence of a number of 
enzymes capable of breaking down disaccharides (see also Retief & Hewitt 
1973), simple polysaccharides (e.g. starch), complex polysaccharides of plant 
(hemicelluloses, cellulose) and insect (chitin) tissues, and proteins. Termites 
derive most of their energy from the digestion of complex plant polysac- 
charides and the evidence reviewed by Noirot & Noirot-Timothée (1969) 
indicated that cellulases were produced solely by symbiotic intestinal proto- 
zoa in lower termites and probably by bacteria in higher termites (Termiti- 
dae). However, Potts & Hewitt (1973) showed that Trinervitermes triner- 
voides (Sjostedt), a member of the Termitidae, produced its own cellulase. 
Seifert & Becker (1965) and Lee & Wood (19714) demonstrated that lignin 
was also degraded but the mechanisms are unknown. However, it is the 
overall quantitative changes that are of interest in studies of decomposition. 


(1) QUANTITATIVE CHANGES 


Assimilation efficiency has been recorded for several wood-feeding species. 
Among lower termites there are figures for Kalotermes flavicollis of 61-62% 
(Seifert 1962), 54-64% (Seifert & Becker 1965) and 55-60% (Noirot & 
Noirot-Timothée 1969). Seifert & Becker (1965) recorded figures of 86-93% 
for Reticulitermes lucifugus santonensis de Feyteaud and 62-69% for Hetero- 
termes indicola (Wasmann). Among the Termitidae Seifert & Becker (1965) 
recorded 75-85% for Nasutitermes ephratae (Holmgren) and Lee & Wood 
(1971a) recorded 54% for Nasutitermes exitiosus. Nel et al.’s (1970) figure 
of 61% in Hodotermes mossambicus is the only record for grass-eating ter- 
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mites. There is no comparable information for species feeding on herbaceous 
litter, decomposing wood or soil although Hébrant (1970) assumed that the 
soil-feeding Cubitermes exiguus Mathot had an assimilation efficiency of 
15%. There are also no figures for Macrotermitinae but it appears that the 
termite-fungus system results in almost complete utilization of food (see 
Return via faeces, belaw). - 


(2) QUALITATIVE CHANGES 


Studies of the chemical changes occurring during digestion in wood-feeding 
species have largely been concerned with cellulose, hemicelluloses and lig- 
nin. Cellulose appears to be intensively degraded to the extent of 74-91% by 
Kalotermes flavicollis, 73-89% by Heterotermes indicola, 96-99% by Reticuli- 
termes lucifugus santonensis and 91-97% by Nasutitermes ephratae (Seifert 
& Becker 1965). Hemicelluloses are also intensively degraded to the extent 
of 60-70% by Kalotermes flavicollis (Seifert 1962) with preferential hydroly- 
sis of pentosans in heartwood and hexosans in sapwood. There is conflicting 
evidence on the extent to which lignin is degraded. For Kalotermes flavicollis 
Seifert (1962) obtained values of 3—4% but values of 2-36% were obtained 
by Seifert & Becker (1965) for the same species. The latter authors obtained 
values of 15-41% for Heterotermes indicola, 70-83% for Reticulitermes luci- 
fugus santonensis and 42—52% for Nasutitermes ephratae. Seifert (1962) fed 
Kalotermes flavicollis on sound wood and on wood which had been exposed 
to a brown rot fungus, Coniophora cerebella Pers., for 28 days and found 
that although the latter wood contained less cellulose and more hexosans 
than sound wood, faeces derived from both types of wood contained similar 
amounts of cellulose, hemicellulose and lignin. The implication that decom- 
position due to a combination of termites and fungus is similar to that due 
to termites alone may not apply to the many termites that feed on decompos- 
ing wood but are incapable of attacking sound wood. However, there is no 
information on the digestive capabilities of such species. 

Nel et al. (1970) made a more detained study (Table 6.3) of chemical 
changes during digestion in the grass-eating Hodotermes mossambicus. There 
was intense degradation of hexosans (90-79%) and pentosans (840%) but 
little change in lignin (0-3%). There is no comparable information for soil- 
feeders and Macrotermitinae. 

The intense degradation of plant material by the species discussed above 
results in the production of faeces with distinct chemical properties (Lee 
& Wood 19714, 1971b) and the most significant of these are shown in Table 
6.4. Nitrogen content is low and C/N ratio high (Lee & Wood (1971a) 
recorded a value of 107ʻ0) particularly in faeces of wood-feeding species. 
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Table 6.3. Utilization of redgrass (Themeda triandra Forsk.) by Hodotermes mossambicus 
(after Nel et al. 1970). 


roe Faeces Coefficient 
Dry wt. % Dry wt. % of apparent 
i (g) (g) digestibility 
> AEN 
Ash 3°96 12°08 4°04 31°60 —0'022 
Lignin 5°69 17°36 5°67 44°30 0'003 
Soluble carbohydrates 0'55 1°68 0°76 5'91 —0°374 
Hexosans 12°34 37°66 riI5 8-99 0'907 
Pentosans 710 21°66 lg 8-87 0'840 
Other solubles 0°36 I'll 0'10 0°80 0819 
Nitrogen 0°25 0°75 O13 0°99 07486 
Unaccounted for 2°52 7°70 — — — 
Total 100-00 10146 0-609 


Table 6.4. Composition (as % loss on ignition) of structures made from faeces by 
various Australian termites (data from Lee & Wood, 19712). 


% Poly- % Total 
phenolic % Carbo- 
%N C/N material* Lignin hydrate 
WOOD-EATERS 
Mastotermes darwiniensis 0°53 g2°0 56 6471 II'g 
(Froggatt) 
Coptotermés acinaciformis obo 89°3 12:2 40°0 17°0 
(Froggatt) 
Coptotermes lacteus 1°07 500 8-1 461 19°2 
(Froggatt) 
Amitermes sp. 0-98 50°0 III 418 8-2 
Microcerotermes nervosus TII 32°4 3°90 44'2 10°8 
(Hill) 
Nasutitermes exitiosus 0°83 57°8 6-6 5371 14°5 
(Hill) 
GRASS-EATERS 
Nasutitermes magnus 2°16 21°3 10°7 47°9 15‘! 
(Froggatt) 
Nasutitermes triodiae 2°10 22°9 15°9 40°3 112 
(Froggatt) 
Tumulitermes pastinator 2'17 22'I r17 413 12-5 
(Hill) 


* Alkali—soluble, acid—insoluble fraction of the organic matter. 
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Lignin content is high and carbohydrate content low, the latter consisting 
both of cellulose structurally combined with lignin and of undigested 
fragments of plant tissue. The lignin/carbohydrate ratios are considerably 
greater than those in wood (which has a ratio of approximately 0-5) and grass 
(approximately 0-25). The polyphenolic material has properties similar to 
polyphenolic materials (humic acids) extracted from soils (Lee & Wood 
1971a, 1971b). 

Macrotermitinae area special case as all their excreta is used to construct 
fungus combs (see ‘Return via faeces’, below). Analysis of these structures 
by Becker & Seifert (1962) indicated lignin/cellulose ratios of 0-2-0°6, i.e. 
similar to that of fresh plant material, which suggests that Macrotermitinae 
cannot digest structural polysaccharides. This is supported by microscopic 
examination of fungus combs (Wood, unpublished) which show that 
coarsely comminuted plant materials, with visible cellular structures, are 
a dominant constituent in contrast to the amorphous appearance of the faeces 
of other termites (Lee & Wood 1971b). The fungus combs support a mono- 
culture of Termitomyces, the species of fungus varying with the species of 
termite (Sands 1969). The fungus is assumed to degrade structural polysac- 
charides and the termites assimilate the breakdown products when they in- 
gest the old portions of the comb. As the combs are eaten away they are 
either simultaneously built up on the upper surface or replaced by new 
combs in the space beneath. Josens (1971) showed that the combs of the 
subterranean Odontotermes pauperans had a turnover time of 5—6 weeks and 
those of Ancistrotermes cavithorax (Sjostedt) and Microtermes toumodiensis 
Grassé of two months. In addition to consuming the mature comb the ter- 
mites crop the white spherules of fungus on the surface of the comb. Matsu- 
moto (1974) showed that in combs of two species of Macrotermes these 
spherules contained 7-4~7-6% nitrogen, thus providing a nitrogen-rich diet. 
Matsumoto (1976) also showed that the C/N ratio and nitrogen content of 
these Macrotermes fungus combs was 25'5-28:3% and 1-5-1-7%, respec- 
tively. Thus, in order to maintain the C/N ratio at this level and balance 
the loss of nitrogen, the fungus must metabolize considerable quantities of 
carbon. The termites, therefore, will have to consume more food than is 
required for their own maintenance requirements, a fact which may lend 
some credibility to the high weight-specific rates of consumption obtained 
for Macrotermitinae in some field ‘baiting’ experiments (see Rates of con- 
sumption, above). A further factor with some Macrotermitinae (e.g. Macro- 
termes bellicosus) is that food is not consumed directly but some (or all) is 
finely macerated and stored in special heaps (‘food stores’) in the nest and 
is consumed after a period of conditioning. It is not known what proportion 
of the food collected reaches the fungus comb via the food store nor what 
proportion of the food in the food store is metabolized by micro-organisms 
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Figure 6.1. Utilization of food by Macrotermitinae; food stores are constructed only by 
certain species. 


and invertebrate inquilines. These complex relationships involving utiliza- 
tion of food by Macrotermitinae are illustrated in Fig. 6.1. 


Return of organic matter and nutrients to the ecosystem 


Materials consumed by termites are subject to great physical and chemical 
changes in the alimentary system and are returned to the ecosystem either 
as faeces or as assimilated material, either salivary secretions (widely used 
for nest-building), termite corpses or via termite predators. The ways in 
which these returns are accomplished are largely dependent on the social 
behaviour of the termites themselves. 


(1) RETURN VIA FAECES 


Unlike other soil animals, which deposit their faeces within the soil where 
they are available to micro-organisms and coprophagous invertebrates, ter- 
mites use their faeces for constructing certain parts of their nest-system. 
Before being used in this way the excreta may have passed through the ali- 
mentary system of several individuals by virtue of proctodeal feeding (lower 
termites) or reworking of structures made from faeces. 

The central part of the nest-system (often referred to as the hive or 
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habitacle) may be arboreal (within, or attached to the outside of, standing 
trees), epigeal (either in the form of mounds or within fallen trees or branches 
lyingon the ground) or subterranean (the majority are in this category). From 
the hive a complex system of galleries and in some species epigeal runways 
lead to sources of food. All species, with the notable exception of the Macro- 
termitinae, use faecal material for lining the internal walls of their runways 
and galleries and many species also construct certain portions, or even the 
major portion, of the hive entirely from faeces or from a mixture of faeces 
and mineral soil. The Macrotermitinae appear to use all their faeces to con- 
struct fungus combs which may be located in the hive (e.g. Macrotermes, 
Odontotermes) or widely distributed throughout the soil (Microtermes, Anci- 
strotermes). The entire nest-system, the hive and associated galleries and 
runways, is maintained and protected against invasion of micro-organisms 
by intensive nest-sanitation and against other invertebrates (with the excep- 
tion of inquilines) by defensive behaviour. Although Sands (1969) recorded 
the presence of certain specific saprophytic fungi in termite nests they prob- 
ably have little effect on decomposition of faeces. Thus the faecal material 
is not available to other organisms until the nest-system, or parts of it, are 
abandoned. Peripheral galleries and runways are abandoned and new ones 
constructed as food supplies diminish and new ones are exploited, whereas 
the hive may be maintained for many years. Estimates of the longevity of 
colonies range from less than ten years for Cubitermes fungifaber (Sjostedt) 
(Noirot 1970), Tumulitermes hastilis (Froggatt) and T. pastinator (Williams 
1968), 30 years for Amitermes hastatus (Skaife 1955), 50 years for Nasuti- 
termes exitiosus (Ratcliffe et al. 1952) and more than 8o years for certain 
Macrotermes (Grassé 1949). 

The only available information on decomposition of termite faeces is the 
work of Lee & Wood (1968, 1971a, 1971b) on the wood-eating Nasutitermes 
exitiosus. This species builds mounds which are constructed largely of faeces 
(the internal nursery) or a mixture of soil and faeces (the outer wall surround- 
ing the nursery) which is capped with a thin external layer of soil. When 
the colony dies the soil capping is rapidly eroded by rain leaving the rest 
of the mound exposed. A comparison of some of the chemical properties 
of faecal material in occupied mounds with that in mounds which had been 
abandoned for 11 years showed that little decomposition of faeces had 
occurred (Table 6.5). The C/N ratio in the abandoned mound was high 
(> 60), although slightly lower than in occupied mounds and the slightly 
greater methoxyl content in the abandoned mound indicated that some 
decomposition of less complex organic materials had occurred with con- 
sequent increase in the percentage of lignin. The structure of the outer wall 
and nursery of the abandoned mound was intact and there were some fungal 
hyphae, particularly in the basal portion in contact with the soil. It is possible 


Table 6.5. Composition of occupied and abandoned mounds of Nasutitermes exitiosus near Canberra, Australia (adapted from Lee & Wood, 1963). 
aaaea“ 


% Alkali- 
% Organic % Organic % soluble % 
matter Carbon Nitrogen C/N material! Methoxyl! 
OCCUPIED MOUND 
Nursery 85 41 obo 679 9°3 93 
Outer wall 54 26 0°39 66-7 10°0 73° 
MOUND ABANDONED FOR 11 YEARS 
Nursery 70 36 0°58 615 16-9 10°5 
Outer wall 62 30 0'49 6o09 I 9'6 


1. Expressed as % of organic matter. 
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that the ultimate fate of the organic matter in these abandoned mounds is 
combustion in bush fires. 

Further investigations (Lee & Wood 1971b) showed that the microbial 
population of the outer wall and nursery of occupied and abandoned mounds 
was very low. Total plate counts of bacteria gave populations (x 10° g~! 
dry weight) of 0-06 and: o-12 in the outer wall of occupied and abandoned 
mounds respectively and 0-005 and 4:07 for the nursery. There was some 
colonization of abandoned mounds by streptomyces (x 10°g~! dry 
weight:o-oor in outer wall and nursery of occupied mounds, 0-35 and 
70 in abandoned mound) and to some extent by spore-forming fungi 
(X 108 g~! :o-02 and 0-006 in the outer wall and nursery of occupied mound 
and 0-08 and 1°16 in abandoned mounds). However, these organisms were 
largely inactive as respiration of samples from outer wall and nursery of both 
occupied and abandoned mounds was so low that rates could not be reliably 
measured. Lee & Wood (1971b) showed that inhibition of enzyme activity 
by compounds in faeces having properties similar to soil humic acids may 
partially explain the inhibition of microbial activity. Other factors possibly 
contributing to the slow rate of decomposition include low pH (3-5), high 
C/N ratio, high lignin and low carbohydrate content (see Table 6.4) and 
possibly concentration of resins, phenols and other resistant components 
of wood. 

Many other termites (see Table 6.4) produce faeces with similar proper- 
ties to those of N. exitiosus and also construct parts of their nest-system 
largely from faeces. Some of these structures can be expected to have simi- 
larly slow rates of decomposition. Others, such as those constructed by Cop- 
totermes lacteus and C. acinaciformis have lower lignin/carbohydrate ratios 
(Table 6.4) and appear to decompose more rapidly (Lee & Wood, 1971b). 
There is no information on the decomposition of faecal material used to 
line walls of subterranean galleries. As indicated above, the faeces of Macro- 
termitinae appear to be used up entirely by the termite-fungus system. The 
only return via faeces to decomposer organisms in soil will be after colonies 
become moribund or parts of the nest-system containing fungus comb are 
abandoned. 


(2) RETURN VIA SALIVARY SECRETIONS 


All termites use salivary secretions to feed dependent castes (stomodeal feed- 
ing) and all (except possibly those nesting entirely within wood) use salivary 
secretions to cement soil particles together. The quantities used for the pur- 
poses of construction are unknown but must be considerable in the case 
of Macrotermitinae (particularly those species of Macrotermes and Odonto- 
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termes which build massive mounds with a net weight of several hundred 
kg ha~! : Lee & Wood, 1971b, Table 6.3) which use saliva as the sole cement- 
ing medium. The incorporation of saliva contributes organic matter to the 
mounds and other structures built by Macrotermitinae and it is probably 
because of this that Boyer (1955, 1956) and Meikeljohn (1965) found that 
mounds of Macrotermes spp. contained considerably greater numbers of 
micro-organisms than surrounding soils. There is no information on the 
decomposition of saliva incorporated into mounds, covered runways and 
sheets or other structures. 


(3) RETURN VIA CORPSES 


The termite colony is virtually a closed system with unhealthy and dead 
individuals being consumed in situ. The major losses are via predation (see 
below) and the annual flights of secondary reproductives (alates) which are 
the potential founders of new colonies. The annual production of alates 
varies from low values of 1-5% of the population in Trinervitermes geminatus 
(Sands 1965c; Josens 1972) and 10% in Cubitermes exiguus (Bouillon 1970) 
to high values of 39% in Zootermopsis laticeps (Banks) (Nutting 1969) and 
28-43% in Odontotermes obesus (Rambur) (Roonwall 1960). These numbers 
represent a proportionally higher biomass of the population. The figure of 
10% for C. exiguus quoted above represents 22% by weight of the popula- 
tion. Lepage (1973) estimated that alates represented 56% of the biomass 
of the colony in Macrotermes subhyalinus and 59% in Trinervitermes triner- 
vius. In addition the alates are rich in stored proteins and fats (alates of Nasu- 
titermes costalis (Holmgren) have a calorific value of 6776 cal g—! (1-6 Jg-') 
(Weigert 1970). Alates therefore represent a considerable loss of energy to 
the colony. For instance, alates of T. geminatus representing 1% of the popu- 
lation contain 15% of the energy; net loss of energy in some species exceeds 
50% (Josens 1972). 

These vast numbers are released over very short intervals of time (flights 
often continue for no more than 1—2 hours) and only on certain favourable 
occasions during the year. Unlike faeces, which are deposited locally, alates 
are widely dispersed; some are consumed by predators (see below), others 
drop their wings, pair and burrow into the soil where, under conditions of 
stable population density, the majority perish. There is no information on 
the effect on soil micro-organisms of this sudden influx of winged termites. 
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(4) RETURN VIA PREDATORS 


Winged termites are consumed by birds, lizards, ants and many other ani- 
mals; this predation appears to be opportunistic (Nutting 1969) but has not 
been quantified. In contrast predation on colonies and foraging parties is 
often accomplished by specialized predators (Lee & Wood, 1971b; Chapter 
4) and although there are no quantitative data large numbers of termites 
appear to be lost in this way. C. Longhurst’s (personal communication) 
observations at Mokwa, Nigeria, on Megaponera sp. indicated heavy preda- 
tion, largely on foraging parties of Macrotermitinae, on some days more than 
1000 termites being collected by a party of 300 ants. Average rates of preda- 
tion (mainly on Odontotermes spp.) were o'8 termites m~? day—' over the 
period of several weeks. If this rate is continued throughout the year the 
annual rate of consumption (292 m~? day~') would exceed the mean popula- 
tion of Odontotermes (Wood et al. in press) of 223 m~?. 


Discussion 


There are no studies which provide reliable information on consumption, 
conversion and elimination of food by termite populations to enable the role 
of termites in decomposition processes to be quantitatively assessed. Never- 
theless using some of the data presented in this paper and making several 
assumptions I have attempted to do this to provide a basis for considering 
the relevance of termites in decomposition processes. The population data 
are those of Wood et al. (in press) for Southern Guinea savanna woodland 
in Nigeria (see Table 6.1). Soil feeders have not been included as they are 
not numerous and .their effects on decomposition are different to those 
species feeding on wood, grass and fresh litter. The calculated data and the 
basis for the calculations are shown in Table 6.6. The production/biomass 
ratios are from Lepage (1974) and Josens (1973) (see Wood & Sands, in 
prep.), but these are conservative estimates and may be exceeded in some 
situations: e.g. Josens (1973) estimated a value of 14 for Ancistrotermes 
cavithorax (Macrotermitinae). The figure for consumption, from laboratory 
data (see ‘Rates of consumption’, above). \s 

Total consumption of 168 g m~? year— isa significant fraction of the esti- 
mated grass production of 200-300 g m~? (Wood & Ohiagu, in press) and 
litter fall from trees of 200-400 g m~? (N. M. Collins, personal communica- 
tion). It assumes even greater significance when one considers that much 
of the grass, leaf and fine woody litter is lost during annual bush fires. The 
figures indicate that returns to the ecosystem via alates and predation are 
approximately one fifth of the returns via faeces but could be considerably 
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TaWle6.6. Food consumption, utilization and return to the ecosystem by termites feeding 
on wood, grass and fresh litter in Southern Guinea Savanna Woodland, Nigeria. (Population 
data from Table 6.1; biomass obtained by weighing individuals of each species.) 


Macrotermitinae Others Total 
Numbers m~? 1,928 1,540 3,468 
gms? (fesk wt.) 59 375 94 
gm? {dry wt.) È$ o9 Z4 
Consumption (g dry wt. m~? yr.-') 129°2 38:3 167:5 
Returns (g dry wt. m~? yr.—') via: 
Faeces nil 12:3 12:3 
Alates and neuters g'o 2°7 Il] 


Calculation based on: 

Consumption (laboratory data)= 30mg (dry wt.) g (fresh wt.) termites~! day~' for non- 
Macrotermitinae; 60 mg (d.w.) g (f.w.) termites~' day! for Macrotermitinae. 
Assimilation efficiency (non-Macrotermitinae)=68%. 

Production/Biomass= 3-0 for non)Macrotermitinae, 6-0 for Macrotermitinae. 


greater if higher values (which may have been more realistic) had been used 
for production/biomass of Macrotermitinae. Returns via faeces will be 
reduced by loss of faeces during bush fires. 

There are no comparable figures for tropical forests where species feed- 
ing on decomposing plants and soil organic matter are relatively more 
abundant. However, soil-feeding termites may be unlike other termites but 
similar to other decomposers (e.g. earthworms, diplopods, insects etc.) in 
their effects on decomposition, as Hébrant (1970), on the basis of an assumed 
assimilation efficiency of 15%, indicated that Cubitermes exiguus (1°15 g m~?) 
produced 9,600 g m~? of faeces per year. 

One is now in a position to compare decomposition as affected by ter- 
mites with that in which termites are not involved (Fig. 6.2). 

The first major difference between termites and other invertebrate 
decomposers is that considerable quantities of plant material are consumed 
by wood-, grass- and fresh litter-feeding termites before it has been attacked 
by saprophytic micro-organisms. This process is more significant in savanna 
regions, where these feeding groups are dominant, than in forests, where 
termites feeding on decomposing vegetation and soil become more signifi- 
cant. 

The second major difference is that recycling via faeces is slow due to 
the fact that (1) the faeces are kept mithin the nest-system and only become 
available to the majority of saprophytic micro-organisms when part of or 
the entire nest-system is abandoned and (2) efficient digestion and assimila- 
tion (enhanced by coprophagy) produces partially humified faeces with cer- 
tain properties (see Table 6.4) that inhibit microbial activity and result in 
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Figure6.2. Theinfluence of termites on decomposition processes contrasted with decom- 
position in the absence of termites. The diagram is designed for a population, such as the 
one enumerated in Table 6.1, where soil-feeding termites are scarce. 


slow rates of decomposition. The ultimate fate of some faecal material, par- 
ticularly that concentrated in structures made largely from faeces, may be 
combustion in bush fires. In the special case of Macrotermitinae there is 
little or no return via faeces. In contrast, other soil macrofauna and meso- 
fauna return approximately 70-90% of their ingested food directly to the 
soil, immediately following passage through the alimentary system, where 
it is rapidly colonized and degraded by other decomposer organisms. Soil 
feeding termites may be similar to other soil macrofauna (see above) in hav- 
ing poor assimilation efficiencies but their faeces are, like those of other ter- 
mites, used for construction purposes and nothing is known of their decom- 
position. 

A third feature of termites is the extensive re-cycling (of dead, unhealthy 
and supernumerary individuals, salivary secretions, faeces) within the 
colony. This has often been attributed to the fact that termites need to make 
efficient use of the small amounts of nitrogen in their food. The net effect 
is that returns to the ecosystem via termite tissues are accomplished either 
by decomposition of alates which are released from the colony en masse over 
short periods of time or by predation on colonies, foraging workers or alates. 
Decomposition of alates has never been studied but can be expected to be 
relatively rapid, in comparison with decomposition of faeces, as can return 
via predation or salivary secretions. In the savanna ecosystem considered 
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in Table 6.6, annual returns of dry weight through termite tissue and faeces 
are quantitatively similar but termite tissue, with a nitrogen content of 
5°6-12°6% (Matsumoto 1975), is a more important pathway for nutrient 
re-cycling than faeces (nitrogen content o'5-2:2%, Table 6.4). 

It is not possible to say whether or not these processes have any signifi- 
cant role to plav in determining the amounts and nature of organic matter 
in tropical soils but in savanna regions, where levels of organic matter are 
notoriously low (Jones 1973), they may be important determining factors. 
The effects of low returns via faeces are accentuated in situations where 
Macrotermitinae are the dominant group, as they are in many parts of Africa 
and Asia. The effects can also be expected to be greater in cultivated soils 
where accession of dead plant material (via crop residues) is low. Wood et 
al. (in press) showed that under continuous cultivation the majority of 
species present in undisturbed savanna woodland (Table 6.1) disappeared 
and in fact only two species survived in any numbers. The most abundant 
species, Microtermes, not only survived but increased in abundance to 4,000— 
4,500m~* (approximate dry weight biomass 1-4-1-6gm~?). As a member 
of the Macrotermitinae returns via faeces would be expected to near zero. 

It may be possible to boost the levels, or at least to slow down the decline, 
of organic matter in cultivated tropical savanna soils by shifting the balance 
between Macrotermitinae and other termites in favour of the latter, particu- 
larly those feeding on decomposing vegetation and soil. This is also good 
pest management strategy as the majority of termites damaging crops in 
tropical savannas of Africa and Asia belong to the Macrotermitinae. 


Summary 


Termites are principally inhabitants of tropical, sub-tropical and semi-arid 
regions. They feed on all forms of plant material from living tissues to 
humidified material in soil. In savannas species feeding on living and fresh 
dead tissues are the dominant feeding group; they are less dominant in rain 
forests where there are many species feeding on decomposing plants and 
soil, 

Species feeding on living and fresh dead tissues consume significant 
quantities of these substrates before colonization by saprophytic micro- 
organisms. They digest a large proportion of structural polysaccharides, 
assimilate 60-80%, of the ingested food and use their excreta within the nest- 
system to build structures and line walls of galleries. In this form the faeces 
are maintained free of all but a few saprophytic micro-organisms and only 
become available to other decomposers when the structures are abandoned. 
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Certain structures may be occupied for several decades. After they are aban- 
doned subsequent decomposition of faeces may be slow with relatively little 
chemical change being apparent after ten years; contributory factorsare high 
C/N ratio, high lignin/carbohydrate ratio and the presence of ‘humic acids’ 
which inhibit enzyme activity. The fungus-termite symbiotic system in 
Macrotermitinae 2ppears fo result in complete utilization of ingested food 
with little or no return to the ecosystem via faeces. These processes are in 
sharp contrast to those in which terminates are not involved where inverte- 
brate faeces, derived largely from the consumption of partially decomposed 
plant material which undergoes little chemical change during passage 
through the alimentary system, are deposited in the soil where they act as 
microsites of intense microbial activity. 

The return to the ecosystem of organic matter and nutrients consumed 
by termites feeding on living and fresh dead plant tissues may be quantita- 
tively as significant via salivary secretions, corpses and predation as via 
faeces. Although there is no information on these pathways of decomposition 
they are likely to be more rapid than returns via faeces. 

Soil-feeding termites consume large quantities of humified organic 
matter mixed with mineral soil. Nothing is known of their assimilation effic- 
iency but it is assumed to be low as they produce large quantities of faeces. 
In this respect they resemble other invertebrate decomposers although it 
is not known whether or not their excreta stimulate or inhibit microbial 
activity and therefore the subsequent rate of decomposition. 
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